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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a method for 
manufacturing ink jet recording heads. More particular- 
ly, the invention relates to a method for manufacturing 
ink jet recording heads, which is capable of setting the 
ink discharge pressure generating elements and the ink 
discharge openings (ports) of each head in extremely 
high precision in a shorter distance with a good repro- 
ducibility to record images in higher quality without any 
deformation of the head due to the applied heat, while 
providing a good resistance to ink and erosion, as well 
as a higher dimensional precision and reliability that 
may be affected otherwise by swelling or the like. 

Related Background Art 

[0002] An ink jet recording head applicable to the ink 
jet recording method (liquid jet recording method) is 
generally provided with fine recording liquid discharge 
openings (ports), liquid flow paths, and liquid discharge 
energy generating portions each arranged on a part of 
each liquid flow path. Then, to obtain high quality images 
using an ink jet recording head of the kind, it is desirable 
to discharge small droplets of the recording liquid from 
the respective discharge openings (ports) each in an 
equal volume always at the same discharge speed. In 
this respect, there has been disclosed in the specifica- 
tions of Japanese Patent Application Laid-Open Nos. 
4-1 0940 to 4-1 0942, a method for discharging ink drop- 
lets in such a manner that driving signals are applied to 
the ink discharge pressure generating elements (elec- 
trothermal transducing elements) in accordance with re- 
cording information to cause the electrothermal trans- 
ducing elements to generate thermal energy which 
gives rapid temperature rise to ink beyond its nuclear 
boiling, thus forming bubbles in ink to discharge ink 
droplets by communicating these bubbles with the air 
outside. 

[0003] As an ink jet recording head that may imple- 
ment such method, it is preferable to make the distance 
between each of the electrothermal transducing ele- 
ments and discharge openings (ports) (hereinafter re- 
ferred to as the "OH distance") as small as possible. Al- 
so, forthis method, the discharge volume is determined 
almost only by the OH distance. Therefore, it is neces- 
sary to set the OH distance exactly together with a good 
reproducibility. 

[0004] Conventionally, as a method for manufacturing 
ink jet recording heads, there is a method such as dis- 
closed in the specifications of Japanese Patent Appli- 
cation Laid-Open Nos. 57-208255 and 57-208256 
wherein the nozzles formed by ink flow paths and dis- 
charge openings (ports) are patterned by use of photo- 
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sensitive resin material on the substrate having ink dis- 
charge pressure generating elements formed on it, and 
then, a glass plate or the like is bonded to cover the sub- 
strate or a method such as disclosed in the specifica- 

s tions of Japanese Patent Application Laid-Open No. 
61-154947 wherein the ink flow path pattern is formed 
by soluble resin, and this pattern is covered with epoxy 
resin or the like to harden it, and then, after the substrate 
having been cut off, the pattern formed by the soluble 

10 resin is removed by elution. However, any one of these 
methods is arranged to be adoptable for manufacturing 
only an ink jet recording head whose discharge direction 
is different from (almost perpendicular to) the develop- 
ment direction of bubbles. Then, for a head of this type, 

is it is arranged to set the distance between the ink dis- 
charge pressure generating elements and the discharge 
openings (ports) by cutting off each of the substrates. 
As a result, the cutting precision becomes an extremely 
important factor for controlling the distance between 

20 them. Since, however, the cutting is executed by use of 
dicing saw or some other mechanical means in general, 
it is difficult to carry out the setting performance in an 
extremely high precision. 

[0005] Also, as a method for manufacturing an ink jet 

25 recording head whose type is such that the development 
direction of bubbles is almost the same as that of the 
discharges, there is a method disclosed in the specifi- 
cation of Japanese Patent Application Laid-Open No. 
58-8658 wherein the substrate and the dry film that be- 

30 comes the orifice plate are bonded through the other 
patterned dry film, and then, the discharge openings 
(ports) are formed by means of photolithography or a 
method disclosed in the specification of Japanese Pat- 
ent Application Laid-Open No. 62-264975 wherein the 

35 substrate having the ink discharge pressure generating 
elements formed on it and the orifice plate processed 
by electrolytic casting are bonded through dry film, 
among some others. Nevertheless, with any one of 
these methods, it is difficult to form the orifice plate thin 

40 uniformly (in a thickness of 20 u.m or less, for example), 
and even if such thin orifice plates can be produced, it 
becomes extremely difficult to execute the bonding 
process between the substrate having the ink discharge 
pressure generating elements on it with the thin orifice 

45 plate due to its brittleness. 

[0006] In order to solve these problems, there is dis- 
closed in Japanese Patent Application Laid-Open No. 
6-2861 49 a method for manufacturing ink jet recording 
heads, which is capable of setting the ink discharge 

so pressure generating elements and the discharge open- 
ings (ports) in a short distance in an extremely high pre- 
cision with a good reproducibility to record images in 
higher quality in such a manner that (1) after ink flow 
paths are formed by patterning by use of soluble resin 

55 on the substrate having ink discharge pressure gener- 
ating elements on it, (2) the solid epoxy resin containing 
coating resin in it is solved in a solvent at room temper- 
ature, which is coated on the soluble resin layer by the 
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application of solvent coating to form the covering resin 
layerthat may become ink flow path walls on the soluble 
resin layer, and then, (3) after the ink discharge open- 
ings (ports) are formed on the covering resin layer above 
the ink discharge pressure generating elements, (4) the 
soluble resin layer is eluted for the provision of the afore- 
said ink jet recording head. With this method, it is pos- 
sible to shorten the processes of manufacture and ob- 
tain an inexpensive but reliable ink jet recording head. 
[0007] Nevertheless, there are still problems given 
below for the method disclosed in the specification of 
Japanese Patent Application Laid-Open No. 6-286149. 

(1) Since the ink flow path walls are usually formed 
with resin on the silicon substrate, the deformation 
tends to take place due to the difference in linear 
expansion factors of the inorganic material and res- 
in. As a result, a problem is encountered with re- 
spect to the mechanical characteristics of the walls 
thus formed. 

(2) The edge portion of resin formation is often 
rounded. Then, the sharpness of the resultant edge 
thereof is often insufficient. In some cases, there- 
fore, the dimensional precision obtained is not nec- 
essarily good enough. 

(3) Resin is subjected to swelling and easier peeling 
off. In some cases, therefore, its reliability is not 
necessarily good enough. 

[0008] US-A-5 322 594 discloses a method for man- 
ufacturing ink jet recording heads, comprising the steps 
of: 

forming a film of a first inorganic material in the form 
of ink flow path pattern using the soluble first inor- 
ganic material on the substrate having an ink dis- 
charge pressure generating element (19) formed 
thereon; 

forming a film of a second inorganic material be- 
coming ink flow walls on said film of the first inor- 
ganic material using the second inorganic material; 
forming ink discharge openings on said film of the 
second inorganic material above said ink discharge 
pressure generating elements; and 
eluting said film of the first inorganic material. 

SUMMARY OF THE INVENTION 

[0009] The present invention is designed with a view 
to solving these problems encountered in the conven- 
tional art. It is an object of the invention to provide a 
method for manufacturing ink jet recording heads, which 
is capable of setting the ink discharge pressure gener- 
ating elements and the ink discharge openings (ports) 
of each head in extremely high precision in a shorter 
distance with a good reproducibility to record images in 
higher quality without any deformation of the head due 
to the applied heat, while providing a good resistance to 



ink and erosion, as well as a higher dimensional preci- 
sion and reliability that may be affected otherwise by 
swelling or the like. 

[0010] This object is solved by a method according to 
s claim 1 and a method according to claim 2. 

[0011] Also, with this method, it is possible to shorten 
the processes of manufacture as in the method dis- 
closed in the specification of Japanese Patent Applica- 
tion Laid-Open No. 6-2861 49, and to obtain a highly re- 
10 liable ink jet recording head at lower costs of manufac- 
ture. 

[0012] Other objectives and advantages besides 
those discussed above will be apparent to those skilled 
in the art from the description of a preferred embodiment 

is of the invention which follows. In the description, refer- 
ence is made to accompanying drawings, which form a 
part hereof, and which illustrate an example of the in- 
vention. Such example, however, is not exhaustive of 
the various embodiments of the invention, and therefore 

20 reference is made to the claims which follow the descrip- 
tion for determining the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0013] 

Figs. 1A and 1B are views which illustrate the dis- 
charge opening surface of an inkjet recording head 
in accordance with a first example not belonging to 
30 the invention); Fig. 1 A is a plan view and Fig. 1 B is 
across-sectional view taken along line 1 B-1 B in Fig. 
1A. 

Figs. 2A, 2B, 2C, 2D, 2E, 2F, 2G and 2H are views 
which illustrate the method for manufacturing the 
35 ink jet recording head of the first example. 

Figs. 3A and 3B are views which illustrate the dis- 
charge opening surface of an inkjet recording head 
in accordance with a second example (not belong- 
ing to the invention); Fig. 3A is a plan view and Fig. 
40 3B is a cross-sectional view taken along line 3B-3B 
in Fig. 3A. 

Figs. 4A, 4B, 4C, 4D, 4E, 4F, 4G and 4H are views 
which illustrate the method for manufacturing the 
inkjet recording head of the second example. 
45 Figs. 5A and 5B are views which illustrate the dis- 

charge opening surface of an inkjet recording head 
in accordance with a third example (not belonging 
to the invention); Fig. 5A is a plan view and Fig. 5B 
is a cross-sectional view taken along line 5B-5B in 
so Fig. 5A. 

Figs. 6A, 6B, 6C, 6D, 6E, 6F, 6G and 6H are views 
which illustrate the method for manufacturing the 
inkjet recording head of the third example. 
Figs. 7A and 7B are views which illustrate the dis- 
ss charge opening surface of an inkjet recording head 
in accordance with a fourth example (not belonging 
to the invention); Fig. 7A is a plan view and Fig. 7B 
is a cross-sectional view taken along line 7B-7B in 
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Fig. 7A. 

Figs. 8A, 8B, 8C, 8D, 8E, 8F, 8G and 8H are views 

which illustrate the method for manufacturing the 

ink jet recording head of the fourth example. 

Fig. 9 is a view which shows the configuration of 

through holes for ink supply. 

Fig. 10 is a view which shows the configuration of 

through holes for ink supply. 

Fig. 11 is a perspective view which shows most suit- 
ably a liquid jet head in accordance with a first em- 
bodiment of the present invention. 
Fig. 12 is a cross-sectional view taken along line 
12-12 in Fig. 11. 

Fig. 13 is a cross-sectional view which shows the 
portion corresponding to the heat generating mem- 
ber portion (bubble creating area) of an elemental 
substrate represented in Fig. 11. 
Fig. 14 is a cross-sectional view which shows sche- 
matically the main element represented in Fig. 13 
when the element is cut off vertically. 
Figs. 15A, 15B, 15C, 15D, 15E and 15F are views 
which illustrate a method for manufacturing a liquid 
jet recording head in accordance with a first embod- 
iment of the present invention. 
Figs. 16G, 16H, 161 and 16J are views which illus- 
trate the method for manufacturing the liquid jet re- 
cording head in accordance with a first embodiment 
of the present invention. 

Fig. 1 7 is a perspective view which shows most suit- 
ably a liquid jet head in accordance with a second 
embodiment of the present invention. 
Fig. 18 is a cross-sectional view taken along line 
18-18 in Fig. 17. 

Figs. 1 9A, 1 9B, 1 9C, 1 9D, 1 9E and 1 9F are views 
which illustrate a method for manufacturing liquid 
jet heads in accordance with the second embodi- 
ment of the present invention. 
Figs. 20G and 20H are views which illustrate the 
method for manufacturing liquid jet heads in accord- 
ance with the second embodiment of the present 
invention. 

Fig. 21 is a perspective view which schematically 
shows one example of the image recording appa- 
ratus capable of mounting the liquid jet head of each 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] In accordance with an example, it is preferable 
to use a first inorganic material which is easier to be 
solved than a second inorganic material by the solvent 
(etching solution) used at the time of elution, and which 
is capable of being eluted later, and eluted by the injec- 
tion of alkaline ink even when there is the residue of elu- 
tion (etching residue). For such material, it is preferable 
to use PSG (Phospho-Silicate Glass), BPSG (Boron 
Phospho-SilicateGlass), silicon oxide, orthe like, for ex- 



ample. For a material of the kind, it is possible to remove 
it by elution using hydrofluoric acid in the later process. 
For the first inorganic material, it is particularly prefera- 
ble to use the PSG as the first inorganic material, be- 
s cause it has a higher etching rate against the buffered 
hydrofluoric acid. Also, with attention given to the dam- 
age that may be brought to the inorganic material be- 
cause of the solvent used for elution, it is preferable to 
use Al as the first inorganic material, and as the solvent, 
10 it is preferable to use the phosphric acid or hydrochloric 
acid which is used at the room temperature. 
[0015] Also, for the second inorganic material, it is 
usual to adopt the material which is not easily soluble 
by the solvent (etching solution) used for elution as corn- 
's pared with the first inorganic material, while having a 
good chemical stability, such as resistance to ink, as well 
as a good physical property, such as a mechanical 
strength good enough to satisfy its use as the discharge 
opening surface. For such material, it is preferable to 
20 adopt the silicon oxide which is used for the general 
semiconductor manufacture. 

[0016] It is possible to obtain the following effects if 
PSG (Phospho-Silicate Glass), BPSG (Boron Phospho- 
Silicate Glass), or silicon oxide is used for the first inor- 
25 ganic material, and silicon oxide is used for the second 
inorganic material: 

(1 ) Resistance to erosion, such as to ink, becomes 
excellent. 

30 (2) Difference in thermal expansion becomes small- 
er, and the problem of thermal deformation is elim- 
inated, because silicon substrate is usually used as 
the one which is adopted for the present invention. 

(3) The dimensional precision and positional preci- 
35 sion are excellent, because it becomes possible to 

execute the photolithographic process to form dis- 
charge openings (ports) on the silicon nitride film. 

(4) Reliability becomes higher because there is no 
swelling taking place due to ink. 

40 (5) it becomes possible to execute all the formation 
processes by means of photolithography, and the 
mechanical assembling is possible under a cleaner 
environment. As a result, the problem of dust parti- 
cles is eliminated. 

45 (6) There is no possibility that the surface of ink dis- 
charge pressure element, such as electrothermal 
converting means, is contaminated, because no 
resin is used nor any organic solvent is used here. 

(7) It becomes possible to form the discharge open- 
so ings (ports) perpendicular or in the reversely ta- 
pered configuration. 

(8) Heat treatment is possible at a temperature of 
300°C to 400°C after the formation of discharge 
openings (ports). As a result, the water-repellent 

55 treatment is given uniformly to the surface of dis- 
charge openings (ports) by means of plasmic po- 
lymerization. 

(9) The resistance to abrasion becomes higher 
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against wiping at the time of head recovery to make 
the durability of the head higher, because the silicon 
nitride film is hard. 

[0017] Also, when Al is used as the first inorganic ma- 
terial, the following effects are further obtainable: 

(1) In a case where the silicon nitride is used as the 
second inorganic material which is not easily solu- 
ble against the etching solution, while having a high 
chemical stability, such as resistance to ink, as well 
as having a good physical property, such as the me- 
chanical strength that may satisfy its use as the dis- 
charge opening surface, the etching selection ratio 
is as large as 20:1 if CF 4 , C 2 F 6 , C 3 F 8 , SF 6 , or some 
other gas is used for etching the orifice portion. As 
a result, it becomes possible to produce the etching 
stopper effect (the prevention of any possible dam- 
age to the base material). 

(2) Also, in the formation of the orifice portion, there 
is no under cut configuration brought about by the 
base material etching. 

[0018] Also, if the structure is arranged so that the 
main component of the material of the liquid flow path 
member, which is provided with the discharge openings 
(ports) and liquid flow paths, is Si as the elemental sub- 
strate whose basic material is also Si, there is no differ- 
ence that may take place in the thermal expansion fac- 
tors of the elemental substrate and the liquid flow path 
member. As a result, the close contactness between the 
elemental substrate and the liquid flow path member or 
the relative positional precision between them is not de- 
graded by the thermal influence exerted by the heat ac- 
cumulation in the head atthetime of higher speed print- 
ing. Also, with the liquid flow path member that can be 
produced by the application of the semiconductor proc- 
ess, the distance between the heat generating elements 
and discharge openings (ports) is set in an extremely 
high precision with a good reproducibility. Further, since 
the main component of the liquid flow path member is 
Si, this member is made excellent in resistance to ink or 
resistance to erosion. With these advantages described 
above, it becomes possible to perform a highly reliable 
recording in higher quality. 

(First Example, not belonging to the invention) 

[0019] Figs. 1A and 1B are views illustrating a side 
shooter type ink jet recording head manufactured in ac- 
cordance with a first example; Fig. 1A is a plan view; 
and Fig. 1B is a cross-sectional view taken along line 
1B-1B in Fig. 1A. Here, discharge openings (ports) 14 
are formed on the discharge opening surface 1 5 formed 
by silicon nitride. Figs. 2A to 2H are views which illus- 
trate the process of manufacture in accordance with the 
present example, which correspond to the section taken 
along lines 2A-2A to 2H-2H in Fig. 1 A. 



[0020] As shown in Fig. 2A, the electrothermal con- 
verting means 7 (heaters formed by HfB 2 ) are, at first, 
formed as the discharge energy generating devices. 
Then, on the bottom end of a silicon substrate 1 an Si0 2 

s film 2 is formed in a thickness of approximately 2 u.m at 
a temperature of 400°C by the application of the CVD 
method. On the silicon substrate, there are formed the 
transducing devices and the wiring that arranges the 
electric connection therefor, and also, a cavitation proof 

10 film as the protection film that protects them. 

[0021] As shown in Fig. 2B, resist is coated on the 
Si0 2 film 2. Then, after exposure and development, the 
opening 11 is formed by means of dry or wet etching. 
The Si0 2 film 2 serves as a mask when a through hole 

is 1 3 is made later. The through hole 1 3 is formed from the 
opening 1 1 . For the etching of the Si0 2 film 2, the reac- 
tive ion etching or the plasma etching is performed with 
CF 4 as the etching gas if the dry etching is adopted. If 
the wet etching is adopted, buffered hydrofluoric acid is 

20 used. 

[0022] Then, as shown in Fig. 2C, by the application 
of the CVD method, PSG (Phospho-Silicate Glass) film 
3 is formed in a thickness of approximately 20 u,m on 
the upper end side of the substrate at a temperature of 
25 350°C. 

[0023] Subsequently, as shown in Fig. 2D, the PSG 
film 3 is processed to form the specific pattern of flow 
paths. Here, it is preferable to adopt the dry etching us- 
ing resist for the PSG film processing, because with this 
30 etching, the Si0 2 film on the bottom end is not subjected 
to any damages that may be caused otherwise. 
[0024] Then, as shown in Fig. 2E, the silicon nitride 
film 3 is formed in a thickness of approximately 5 u.m on 
the PSG film 3, which is configured in the form of flow 
35 path pattern, by the application of the CVD method at a 
temperature of 400°C. At this juncture, the opening 12 
is also buried with the silicon nitride film. 
[0025] The thickness of the silicon nitride film which 
is formed here regulates the thickness of the discharge 
40 openings (ports), and the thickness of the PSG film 
which is formed earlier regulates each gap of ink flow 
paths. Therefore, these thicknesses may exert a great 
influence on the ink discharge characteristics of the ink 
jet performance. Each of them should be determined ap- 
45 propriately depending on the characteristics as re- 
quired. 

[0026] Then, as shown in Fig. 2F, the Si0 2 film 2 the 
contour of which has been formed is used as a mask. 
Then, with this mask, the through hole 13 is formed on 
so the silicon substrate 1 as the ink supply opening. Here, 
any method may be adoptable for the formation of the 
through hole, but it is preferable to usethelCP (inductive 
coupling plasma) etching with CF 4 and oxygen as the 
etching gas, because with this etching, the substrate is 
55 not subjected to any electrical damages, and also, the 
formation is possible at a lower temperature. 
[0027] Now, as shown in Fig. 2G, using resist the dis- 
charge openings (ports) 14 are formed on the silicon ni- 
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tride film 4 by the application of dry etching. Here, by 
the use of the highly anisotropic reactive ion etching, the 
additional effect is produced as given below. 
[0028] In other words, with the conventional structure 
of the side shooter type ink jet head, the edge portion 
thereof tends to be rounded because the discharge 
opening portion is formed by resin, and the discharge 
characteristics may be affected in some cases. In order 
to avoid this possibility, an orifice plate, which is formed 
by means of electrocasting, is bonded to such opening 
portion. In accordance with the present example, how- 
ever, the discharge openings (ports) 14 are formed on 
the silicon nitride film 4 formed by the application of the 
reactive ion etching, hence making it possible to form 
the edges of the discharge openings (ports) sharp. 
[0029] Further, with the silicon nitride film which has 
been multi-layered, the etching rate is made higher on 
the lower part or the composition may be changed grad- 
ually. In this manner, it becomes possible to provide the 
reversed taper configuration to make the exit of each 
discharge openings (ports) narrower, while the interior 
thereof is made wider. With the reversely tapered dis- 
charge openings (ports), the printing accuracy is more 
enhanced. 

[0030] Also, with the good edge configuration of each 
discharge openings (ports), it becomes possible to form 
the water-repellent film only on the surface thereof when 
the water-repellent film should be formed by the appli- 
cation of plasmic polymerization. Also, when the water- 
repellency should be produced by implanting ion on the 
surface of the silicon nitride film, there is no possibility 
that the water-repellency is provided for the interior of 
each discharge opening (port). As a result, the flight di- 
rection of ink is not caused to be deviated, thus making 
it possible to print in higher precision. 
[0031] Then, as shown in Fig. 2H, using buffered hy- 
drofluoric acid the PSG film 3 is removed by elution from 
the discharge openings (ports) and the through holes as 
well. 

[0032] After that, the water-repellent film that contains 
Si is formed on the discharge opening surface by the 
application of the plasmic polymerization. Then, on the 
bottom end of the Si substrate 1 , an ink supply member 
(not shown) is bonded to complete an ink jet recording 
head. 

(Second Example, not belonging to the invention) 

[0033] In accordance with the first example, the PSG 
base is formed in order to eliminate steps on the dis- 
charge opening surface. As shown in Figs. 3A and 3B, 
however, grooves 1 6 are arranged between discharge 
openings (ports) to enable ink to escape in accordance 
with the present example. Figs. 3A and 3B are views 
which illustrate the discharge opening surface of an ink 
jet recording head in accordance with a second exam- 
ple; Fig. 3A is a plan view and Fig. 3B is a cross-sec- 
tional view taken along line 3B-3B in Fig. 3A. Figs. 4A 



to 4H are cross-sectional views taken along lines 4A-4A 
to 4H-4H, which illustrate the process for manufacturing 
the ink jet recording head of the second example. 
[0034] This manufacturing process is the same as 
s that of the first example except for the difference in pat- 
tern upon forming the flow path by processing the PSG 
film 3. Figs. 4A to 4H correspond to Figs. 2Ato 2H. 
[0035] As shown in Figs. 4A to 4C, the electrothermal 
converting means 7 (the heaters formed by HfB 2 which 
10 are not shown in Figs. 4A to 4C) which serve as the dis- 
charge energy generating devices are formed on the sil- 
icon substrate 1 in the same manner as the first exam- 
ple, and then, after the Si0 2 film 2 is formed on the bot- 
tom end thereof in a thickness of approximately 2 ^m, 
is the opening 1 1 is formed. Further, on the upper end side 
of the substrate, the PSG film 3 is formed. 
[0036] Then, as shown in Fig. 4D, the specific flow 
path pattern is formed. In accordance with the present 
example, each of the openings 12 is formed larger. 
20 [0037] Subsequently, as shown in Fig. 4E, the silicon 
nitride film 4 is formed on the PSG film 3 which is con- 
figured in the form of flow path pattern, hence the 
grooves of silicon nitride film being formed on each por- 
tion of the openings 12. 
25 [0038] After that, exactly in the same manner as the 
first example, the through hole 13 is formed as the ink 
supply opening as shown in Figs. 4F to 4H. Then, after 
the discharge openings (ports) 14 are formed by the ap- 
plication of dry etching using resist, the PSG film 3 is 
30 removed by elution from the discharge openings (ports) 
14 and the through hole 13 using buffered hydrofluoric 
acid. 

[0039] Subsequently, an ink jet recording head is 
completed in the same manner as the first example. 

(Third Example, not belonging to the invention) 

[0040] Figs. 5A and 5B are views which illustrate the 
side shooter type ink jet recording head manufactured 
40 in accordance with the present example; Fig. 5A is a 
plan view and Fig. 5B is a cross-sectional view taken 
along line 5B-5B in Fig. 5A. Here, the discharge open- 
ings (ports) 1 4 are formed on the discharge opening sur- 
face 15 formed by silicon nitride. Figs. 6A to 6H are 
45 views which illustrate the method for manufacturing the 
ink jet recording head of the present example corre- 
sponding to the section taken along line 6A-6A to 6H- 
6H in Fig. 5A. 

[0041] As shown in Fig. 6A, the electrothermal con- 
so verting means 7 (heaters formed by TaN 2 ) are, at first, 
formed as the discharge energy generating devices. 
Then, on the bottom end of a silicon substrate 1 an Si0 2 
film 2 is formed in a thickness of approximately 2 (xm at 
a temperature of 400°C by the application of the CVD 
55 method. On the silicon substrate, there are formed the 
transducing devices and the wiring that arranges the 
electric connection therefor, as well as a cavitation proof 
film as the protection film that protects them. 



30 



40 



45 



50 



6 



11 EPOJ 

[0042] As shown in Fig. 6B, resist is coated on the 
Si0 2 film 2. Then, after exposure and development, the 
opening 11 is formed by means of dry or wet etching. 
The Si0 2 film 2 serves as a mask when a through hole 
13 is made later. The through hole 13 is formed from the 
opening 11 . For the etching of the Si0 2 film 2, the reac- 
tive ion etching or the plasma etching is performed with 
CF 4 as the etching gas if the dry etching is adopted. If 
the wet etching is adopted, buffered hydrofluoric acid is 
used. 

[0043] Then, as shown in Fig. 6C, Al film 23 is formed 
on the upper end side of the substrate 1 by the sputtering 
or vapor deposition in a thickness of approximately 10 
urn. 

[0044] After that, as shown in Fig. 6D, the Al film 23 
is processed to form the specific flow path pattern. Here, 
it is preferable to process the Al film by the wet etching 
using resist, because then the lower end oftheSi0 2 film 
2 is not damaged. 

[0045] Subsequently, as shown in Fig. 6E, the silicon 
nitride film 4 is formed in a thickness of approximately 
1 0 u.m on the Al film 23, which is configured in the form 
of flow path pattern, by the application of theCVD meth- 
od at a temperature of 400°C. Atthis juncture, the open- 
ing 12 is also buried with the silicon nitride film 4. 
[0046] The thickness of the silicon nitride film 4 which 
is formed here regulates the thickness of the discharge 
openings (ports), and the thickness of the Al film 3 which 
is formed earlier regulates each gap of ink flow paths. 
Therefore, these thicknesses may exert a great influ- 
ence on the ink discharge characteristics of the ink jet 
performance. Each of them should be determined ap- 
propriately depending on the characteristics as re- 
quired. 

[0047] Then, as shown in Fig. 6F, the Si0 2 film 2 the 
contour of which has been formed is used as a mask. 
Then, with this mask, the through hole 13 is formed on 
the silicon substrate 1 as the ink supply opening. Here, 
any method may be adoptable for the formation of the 
through hole 13, but it is preferable to use the ICP (in- 
ductive coupling plasma) etching with CF 4 , C 2 F 6 , C 3 F 8 , 
SF 6 , or some other gas and oxygen as the etching gas, 
because with this etching, the substrate is not subjected 
to any electrical damages, and also, the formation is 
possible at a lower temperature. 
[0048] Now, as shown in Fig. 6G, using resist the dis- 
charge openings (ports) 1 4 are formed on the silicon ni- 
tride film 4 by the application of dry etching. Here, by 
the use of the highly anisotropic reactive ion etching, 
such as ICP etching, the additional effect is produced 
as given below. 

[0049] In other words, with the conventional structure 
of the side shooter type ink jet head, the edge portion 
thereof tends to be rounded because the discharge 
opening portion is formed by resin, and the discharge 
characteristics may be affected in some cases. In order 
to avoid this possibility, an orifice plate, which is formed 
by means of electrocasting, is bonded to such opening 
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portion. In accordance with the present example, how- 
ever, the discharge openings (ports) 14 are formed on 
the silicon nitride film 4 formed by the application of the 
reactive ion etching, hence making it possible to form 

s the edges of the discharge openings (ports) sharp. 
[0050] Further, with the silicon nitride film which has 
been multi-layered, the etching rate is made higher on 
the lower part or the composition may be changed grad- 
ually. In this manner, it becomes possible to provide the 

10 reversed taper configuration to make the exit of each 
discharge openings (ports) narrower, while the interior 
thereof is made wider. With the reversely tapered dis- 
charge openings (ports), the printing accuracy is en- 
hanced still more. 

is [0051] Also, with the good edge configuration of each 
discharge openings (ports), it becomes possible to form 
the water-repellent film only on the surface thereof when 
the water-repellent film should be formed by the appli- 
cation of plasmic polymerization. Also, when the water- 

20 repellency should be produced by implanting ion on the 
surface of the silicon nitride film, there is no possibility 
that the water-repellency is provided for the interior of 
each of the discharge openings (ports). As a result, the 
flight direction of ink is not caused to be deviated, thus 

25 making it possible to print in higher precision. 

[0052] Then, as shown in Fig. 6H, using phosphoric 
acid or hydrochloric acid at the room temperature the Al 
film 23 is removed by elution from the discharge open- 
ings (ports) and the through holes as well. 

30 [0053] Afterthat.thewater-repellentfilmthatcontains 
Si is formed on the discharge opening surface by the 
application of the plasmic polymerization. Then, on the 
bottom end of the Si substrate 1 , an ink supply member 
(not shown) is bonded to complete an ink jet recording 

35 head. 

[0054] Also, when the discharge openings (ports) are 
formed, Al is used for the basic layer after the silicon 
nitride film has been etched. Etching comes to a stop 
here. This etching layer is rarely affected by etching gas. 
40 As a result, there is no influence exerted on the basic 
layer. 

(Fourth Example, not belonging to the invention) 

45 [0055] In accordance with the third example, the Al 
base is formed in order to eliminate steps on the dis- 
charge opening surface. As shown in Figs. 7A and 7B, 
however, grooves 1 6 are arranged between discharge 
openings (ports) to enable ink to escape in accordance 

so with the present example. Here, Fig. 7A is a plan view 
and Fig. 7B is a cross-sectional view taken along line 
7B-7B in Fig. 7A. Figs. 8A to 8H are views which illus- 
trate the process for manufacturing the ink jet recording 
head of the fourth example, which correspond to the 

55 section taken along line 8A-8A to 8H-8H in Fig. 7A. 
[0056] The process of manufacture in accordance 
with the present example is the same as that of the third 
example with the exception of the pattern which is dif- 
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ferent from the one used for the flow path pattern by 
processing the Al film 23. Figs. 8A to 8H correspond to 
Figs. 6A to 6H. 

[0057] As shown in Figs. 8Ato 8C, the electrothermal 
converting means 7 (the heaters formed by TaN 2 , but 
not shown in Figs. 8A to 8C) which serve as the dis- 
charge energy generating devices are formed on the sil- 
icon substrate 1 in the same manner as the third exam- 
ple, and then, after the Si0 2 film 2 is formed on the bot- 
tom end thereof in a thickness of approximately 2 u.m, 
the opening 11 is formed. Further, on the upper end side 
of the substrate 1 , the Al film 23 is formed. 
[0058] Then, as shown in Fig. 8D, the specific flow 
path pattern is formed. In accordance with the present 
example, each of the openings 12 is formed larger. 
[0059] Subsequently, as shown in Fig. 8E, the silicon 
nitride film 4 is formed on the Al film 23 which is config- 
ured in the form of flow path pattern, hence the grooves 
of silicon nitride film being formed on each portion of the 
openings 12. 

[0060] After that, exactly in the same manner as the 
third example, the through hole 1 3 is formed as the ink 
supply opening as shown in Figs. 8F to 8H. Then, after 
the discharge openings (ports) 1 4 are formed by the ap- 
plication of dry etching using resist, the Al film 23 is re- 
moved by elution from the discharge openings (ports) 
14, as well as the through hole 13, using phosphoric acid 
or hydrochloric acid at the room temperature. 
[0061] Subsequently, an ink jet recording head is 
completed in the same manner as the third example. 
[0062] As has been described above, in accordance 
with the first to fourth examples, it is generally practiced 
to form the through hole 1 3 as shown in Fig. 10 in plan 
view. However, in a case where the through hole is 
formed by means of ICP etching as adopted forthe first 
to fourth examples, it becomes possible to configure the 
through hole freely. Therefore, with the formation of the 
through hole that surrounds each of the discharge open- 
ings (ports) as shown in Fig. 9, the ink refilling condition 
is improved with the resultant enhancement of the dis- 
charge speeds. 

(First Embodiment) 

[0063] Fig. 11 isaperspectiveviewwhichshowsmost 
suitably a liquid jet head in accordance with a first em- 
bodiment of the present invention. Fig. 12 is a cross- 
sectional view taken along line 12-12 in Fig. 11 . The ink 
jet recording head shown in Figs. 11 and 12 comprises 
an elemental substrate 201 having two lines of plural 
heat generating elements 202 on the central portion of 
the surface of the Si substrate; liquid flow paths (inkflow 
paths) 204 that distribute liquid onto each of the heat 
generating elements 202; the monocrystal Si 203 that 
forms side walls of the liquid flow paths 204 formed on 
the elemental substrate 201 ; the SiN film 205 formed on 
the monocrystal Si 203, which becomes the ceiling of 
the liquid flow paths 204; a plurality of ink discharge 



openings (ports) 206 drilled on the SiN film 205, which 
face each of the plural heat generating elements 202, 
respectively; and supply opening 207 which penetrates 
the elemental substrate 201 for supplying liquid to the 

s liquid flow paths 205. In this manner, the monocrystal Si 
203 and the SiN film 205 serve as the liquid flow path 
members that constitute the liquid flow paths 204 on the 
elemental substrate 201 . Also, the monocrystal Si 203 
does not cover both side portions of the elemental sub- 

10 strate 201 where the electric pads 210 are formed to 
supply electric signals from the outside to the heat gen- 
erating elements 202. 

[0064] Now, the above-mentioned elemental sub- 
strate 201 will be described. Fig. 13 is across-sectional 
is view which shows the portion corresponding to the heat 
generating member (bubble generating area) of the el- 
emental substrate 201 . In Fig. 13, a reference numeral 
101 designates the Si substrate and 102, the thermal 
oxide film (Si0 2 film) which serves as the heat accumu- 
20 lation layer. A reference numeral 103 designates the 
Si 2 N 4 film which serves as the interlayer film that func- 
tions dually as the heat accumulation layer; 104, a re- 
sistive layer; 105, the Al alloy wiring such as Al, Al-Si, 
Al-Cu; 106, Si0 2 film or Si 2 N 4 film that serves as the 
25 protection film; and 1 07, the cavitation proof film which 
protects the protection film 106 from the chemical and 
physical shocks which follow the heat generation of the 
resistive layer 1 04. Also, a reference numeral 1 08 des- 
ignates the heat activation unit of the resistive layer 1 04 
30 in the area where no electrode wiring 105 is arranged. 
These constituents are formed by the application of 
semiconductor process technologies and techniques. 
[0065] Fig. 14 is a cross-sectional view which shows 
schematically the main element when it is cut vertically. 
35 [0066] On the Si substrate of P-type conductor, there 
are structured the P-MOS 450 on the N-type well region 
402 and the N-MOS 451 on the P-type well region 403 
by means of impurities induction and diffusion or some 
other ion plantation using the general MOS process. 
40 The P-MOS 450 and the N-MOS 451 comprise the gate 
wiring 415 formed by poly-Si deposited by the applica- 
tion of CVD method in a thickness of 4,000 A or more 
and 5,000 A or less through the gate insulation film 408 
in athickness of several hundreds of n, respectively; and 
45 the source region 405, the drain region 406, and the like 
formed by the induction of N-type or P-type impurities. 
Then, the C-MOS logic is constructed by these P-MOS 
and N-MOS. 

[0067] Here, the N-MOS transistor for use of element 
so driving is constructed by the drain region 41 1 , the source 
region 412, and the gate wiring 413, among some oth- 
ers, on the P-well substrate also by the processes of 
impurity induction and diffusion or the like. 
[0068] In this respect, the description has been made 
55 of the structure that uses N-MOS transistors, but this 
invention is not necessarily limited to the use of the 
N-MOS transistors. It may be possible to use any type 
of transistors if onlythetransistors are capable of driving 
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a plurality of heat generating elements individually, while 
havingthefunction whereby to achieve thefinestructure 
as described above. 

[0069] Also, the device separation is executed by the 
formation of the oxide film separation areas 453 by 
means of the filed oxide film in a thickness of 5,000 A 
or more and 10,000 A or less. This filed oxide film is 
arranged to function as the first layer of the heat accu- 
mulation layer 41 4 under the heat activation unit 108. 
[0070] After each of the elements is formed, the inter- 
layer insulation film 416 is accumulated in a thickness 
of approximately 7,000 A by PSG, BPSG film, or the like 
by the application of CVD method. Then, smoothing 
treatment or the like is given by means of heat treatment. 
After that, wiring is conducted through the contact hole 
by the Al electrode 417 that becomes the first wiring lay- 
er. Subsequently, by the application of plasma CVD 
method, the interlayer insulation film 418, such as the 
Si0 2 film, is accumulated in a thickness of 1 0,000 A or 
more and 15,000 A or less. Then, byway of the through 
hole, the TaN 0 8 hex film is formed as the resistive layer 
1 04 in a thickness of approximately 1 ,000 A by the ap- 
plication of DC sputtering method. Afterthat, the second 
wiring layer Al electrode is formed to serve as the wiring 
to each of the heat generating elements. 
[0071] As the protection film 106, the Si 2 N 4 film is 
formed in a thickness of approximately 1 0,000 A by the 
application of plasma CVD. On the uppermost layer, the 
cavitation proof layer 1 07 is formed with Ta or the like in 
a thickness of approximately 2,500 A. 
[0072] As described above, in accordance with the 
present embodiment, the materials that form the liquid 
flow path member and the elemental substrate are all 
Si as its main component. 

[0073] Now, with reference to Figs. 1 5A and 1 5B and 
Figs. 16Gto 16J, the description will be made of a meth- 
od for manufacturing a substrate used for the ink jet re- 
cording head of the present embodiment. 
[0074] At first, in Fig. 15A, the elemental substrate 
201 is formed in the manner as described in conjunction 
with Figs. 3A and 3B and Figs. 4A to 4H. To briefly de- 
scribe, the driving element is formed on the Si [1 00] sub- 
strate by the application of the thermal diffusion and ion 
implantation or some other semiconductor process. Fur- 
ther, the wiring and heat generating elements, which are 
connected to the driving element are formed. Then, as 
shown in Fig. 15B, the surface and the reverse side of 
the elemental substrate 201 are all covered by the oxide 
film 302 to form the portion covered by the oxide film 
(Si0 2 film) 302 and the portion where the elemental sub- 
strate 201 is exposed on the surface of the elemental 
substrate 201 by means of photolithographic method as 
shown in Fig. 15C. Afterthat, by means of epitaxial de- 
velopment, such as the lowtemperature epitaxial devel- 
opment, Si is developed in a thickness of approximately 
20 urn all over the surface of the elemental substrate 
201 as shown in Fig. 15D. At this juncture, the monoc- 
rystal Si 203 is formed on the portion where the elemen- 
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tal substrate 201 is exposed, and the polycrystal Si 304 
is formed on the portion covered by the oxide film 302. 
[0075] Then, as shown in Fig. 15E, the SiN film 205 
is formed in a thickness of approximately 5 u.m by the 

s application of the CVD method or the like all over the 
surfaces of the monocrystal Si 203 and the polycrystal 
Si 304. Subsequently, as shown in Fig. 15F, by means 
of the photolithographic method, the orifice holes (dis- 
charge openings) 206 are formed on the SiN film 205 

10 on the polycrystal Si 304 for ink discharges. Then, part 
of the oxide film 302 on the reversed side of the elemen- 
tal substrate 201 is exposed by means of the photolith- 
ographic method. Afterthat, the film is removed by use 
of buffered hydrofluoric acid. In this manner, as shown 

is in Fig. 15G, the window 307 is used for use of aniso- 
tropic etching. Then, the through hole (supply opening) 
207 for use of ink supply is formed on the elemental sub- 
strate 201 by means of the anisotropic etching using te- 
tramethyl ammonium hydroxide as shown in Fig. 15H, 

20 and the Si0 2 film 302 formed on the surface of the ele- 
mental substrate 201 is exposed in orderto develop the 
polycrystal Si 304. Subsequent to having formed the 
through hole 207, the Si0 2 film 302 on the surface and 
the reverse side of the elemental substrate 201 is re- 

25 moved using buffered hydrofluoric acid as shown in Fig. 
151. Lastly, using tetramethyl ammonium hydroxide 
again only the polycrystal Si film 304 is removed by etch- 
ing as shown in Fig. 1 5J to form the liquid flow paths. In 
other words, since the etching rate is largely different 

30 between the monocrystal Si 203, the SiN film 205, and 
the polycrystal Si 304, the monocrystal Si 203 and the 
SiN film 205 are left intact if the etching is suspended at 
the completion of the polycrystal Si etching, hence form- 
ing the liquid flow paths. With the processes described 

35 above, it is possible to form the liquid flow paths 204 
structured with the side walls of the monocrystal Si 203 
on the elemental substrate 201 whose main component 
is Si, and also, with the ceiling of the SiN film 205. Then, 
the substrate thus formed in the above processes is cut 

40 off per chip to provide each of the ink jet recording heads 
as shown in Fig. 11 . 

(Second Embodiment) 

45 [0076] In place of the head structure described in ac- 
cordance with the first embodiment, it is conceivable to 
structure a head for which liquid is supplied from the side 
end of the substrate, not from the substrate side. Fig. 

1 7 is a perspective view which shows most suitably an 
so ink jet recording head of the present embodiment. Fig. 

18 is a cross-sectional view taken along line 18-18 in 
Fig. 17. The ink jet recording head of the present em- 
bodiment shown in Figs. 17 and 18 comprises the ele- 
mental substrate 501 which is provided with a plurality 

55 of heat generating elements 502 in line on both side por- 
tions on the surface of the Si substrate; a plurality of 
liquid flow paths 504 that distribute liquid to each of the 
heat generating elements 502; the monocrystal Si 503 
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that forms side walls of the liquid flow paths on the ele- 
mental substrate 501 , the SiN film 505 formed on the 
monocrystal Si 503 to produce the ceiling of the liquid 
flow paths 504; a plurality of discharge openings (ports) 
506 that face each of the heat generating elements; and 
supply openings 507 to supply liquid to each of the liquid 
flow paths on both sides of the elemental substrate 501 . 
In this way, the monocrystal Si 503 and the SiN film 505 
becomethe liquidflowpath memberthatforms the liquid 
flow paths 504 on the elemental substrate 501. Here, 
the monocrystal Si 503 does not cover the surface of 
both side ends of the elemental substrate 201 where no 
heat generating elements and liquid flow paths are ar- 
ranged, but the electric pads 510 are formed to supply 
electric signals to each of the heat generating elements 
502 from the outside. 

[0077] A structure of the kind can be produced by 
forming the polycrystal Si on both sides of one substrate 
in the processes described in accordance with the first 
embodiment. Now, in conjunction with Figs. 1 9A to 1 9F 
and Figs. 20F and 20H, the description will be made of 
the method for manufacturing the ink jet recording head 
of the present embodiment. 

[0078] At first, in Fig. 19A, the elemental substrate 
501 is formed in the same manner as described in ac- 
cordance with the first embodiment shown in Figs. 13 
and 1 4. To briefly describe, the driving element is formed 
on the Si [1 00] substrate by the application of the ther- 
mal diffusion and ion implantation or some other semi- 
conductor process. Further, the wiring and heat gener- 
ating elements, which are connected to the driving ele- 
ment are formed. Then, as shown in Fig. 1 9B, the sur- 
face and the reverse side of the elemental substrate 501 
are all covered by the oxide film 602 to form the portion 
covered by the oxide film (Si0 2 film) 602 and the portion 
where the elemental substrate 501 is exposed on the 
surface of the elemental substrate 501 by means of pho- 
tolithographic method as shown in Fig. 19C. In this case, 
difference from the first embodiment, the surface of the 
side ends of the substrate 501 are covered by the oxide 
film 602. Then, the portions thus covered by the oxide 
film 602 are formed in accordance with the desired flow 
path pattern. After that, by means of epitaxial develop- 
ment, such as the low temperature epitaxial develop- 
ment, Si is developed in a thickness of approximately 
20 pm all over the surface of the elemental substrate 
501 as shown in Fig. 1 9D. At this juncture, the monoc- 
rystal Si 503 is formed on the portion where the elemen- 
tal substrate 201 is exposed, and the polycrystal Si 604 
is formed on the portion covered by the oxide film 602. 
[0079] Then, as shown in Fig. 19E, the SiN film 505 
is formed in a thickness of approximately 5 urn by the 
application of the CVD method or the like all over the 
surfaces of the monocrystal Si 503 and the polycrystal 
Si 504. Subsequently, as shown in Fig. 19F, by means 
of the photolithographic method, the orifice holes (dis- 
charge ports) 506 are formed on the SiN film 505 on the 
polycrystal Si 504 for ink discharges. After that, the ox- 
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ide film 602 formed on the surface of the side ends and 
the reverse side of the substrate 501 are removed by 
use of buffered hydrofluoric acid as shown in Fig. 20G. 
Lastly, using tetramethyl ammonium hydroxide the poly- 

s crystal Si film 504 is removed by etching as shown in 
Fig. 20H to form the liquid flow paths. In other words, 
since the etching rate is largely different between the 
monocrystal Si 503, the SiN film 505, and the polycrystal 
Si, the monocrystal Si 503 and the SiN film 505 are left 

10 intact if the etching is suspended at the completion of 
the polycrystal Si etching, hence forming the liquid flow 
paths. With the processes described above, it is possi- 
ble to form the liquid flow paths 504 structured with the 
side walls of the monocrystal Si 503 on the elemental 

is substrate 501 whose main component is Si, and also, 
with the ceiling of the SiN film 505. Then, the substrate 
thus formed in the above processes is cut off per chip 
to provide each of the ink jet recording heads as shown 
in Fig. 17. 

[0080] Fig. 21 is a perspective view which schemati- 
cally shows one example of the image recording appa- 
ratus to which the ink jet recording head of the above 
embodiments is applicable for use when being mounted 
on it. In Fig. 21 , a reference numeral 701 designates a 
head cartridge which is integrally formed with the ink jet 
recording head of the above embodiments and a liquid 
containing tank. The head cartridge 701 is mounted on 
the carriage 707 which engages with the spiral groove 
706 of the lead screw 705 rotative by being interlocked 
with the regular and reverse rotation of a driving motor 
702 through the driving power transmission gears 703 
and 704. Then, by means of the driving power of the 
driving motor 702, the head cartridge reciprocates to- 
gether with the carriage 707 in the directions indicated 
by arrows a and b. With the use of a recording medium 
supply device (not shown), a printing sheet (recording 
medium) P is carried on a platen roller 709 in coopera- 
tion with a sheet pressure plate 710 that presses the 
printing sheet P to the platen roller 709 all over in the 
traveling direction of the carriage. 
[0081 ] In the vicinity of one end of the lead screw 705, 
photocouplers 711 and 712 are arranged. The photo- 
couplers serve as home position sensing means the de- 
tects and confirm the presence of the lever 707a of the 
carriage 707 in this region in order to switch over the 
rotational directions of the driving motor 702 and the like. 
In Fig. 21 , a reference numeral 713 designates a sup- 
porting member of a cap 714 that covers the front end 
of the head cartridge 701 where the discharge openings 
(ports) of ink jet recording head are present. Also, a ref- 
erence numeral 715 designates the ink suction means 
that sucks the ink which has been retained in the interior 
of the cap 71 4 due to the idle discharges of the liquid jet 
head or the like. The suction recovery of the liquid jet 
head is performed by this suction means 715 through 
the aperture arranged in the cap. A reference numeral 
717 designates a cleaning blade; 718, a member that 
makes the blade 71 7 movable in the forward and back- 



EP 0 922 582 B1 



30 



40 



45 



50 



55 



10 



19 



EP 0 922 582 B1 



20 



ward directions (in the direction orthogonal to the 
traveling direction of the carriage 707). The blade 717 
and this member 71 8 are supported by the main body 
supporting member 71 9. The blade 71 7 is not necessar- 
ily limited to this mode, but it should be good enough to 
adopt any one of known cleaning blades. A reference 
numeral 720 designates the lever that effectuates suc- 
tion forthe suction recovery operation. This lever moves 
along the movement of the cam 721 that engages with 
the carriage 707. The movement thereof is controlled by 
known transmission means such as the clutch that 
switches overthetransmission of the driving powerfrom 
the driving motor 702. Here, the recording control unit 
(which is not shown here) is arranged on the main body 
of the apparatus in order to control the provision of sig- 
nals to the heat generating elements on the liquid jet 
head mounted on the head cartridge 701 , and also, con- 
trol the driving of each of the mechanisms described 
above. 

[0082] The image recording apparatus 700 thus struc- 
tured performs its recording on the printing sheet (re- 
cording medium) P with the head cartridge 701 that re- 
ciprocates over the entire width of the printing sheet P 
which is carried on the platen 709 by means of a record- 
ing material supply device (not shown). 



A method for manufacturing an ink jet recording 
head provided with an ink discharge port (206) for 
discharging ink, an ink flow path (204) communicat- 
ed with the ink discharge port for supplying ink to 
the ink discharge port, a heat generating element 
(202) arranged in the ink flow path for creating bub- 
bles in liquid distributed in the ink flow path, and a 
supply opening (207) for supplying liquid to the ink 
flow path, comprising the steps of: 

forming silicon oxide film (302) on the surface 
of an elemental substrate (201 ) having Si as the 
base thereof with at least said heat generating 
element (202) formed on the surface thereof; 
forming on the surface of said elemental sub- 
strate (201) a portion covered with the silicon 
oxide film (302), and a portion having the sur- 
face of said elemental substrate (201 ) exposed 
by selectively removing said silicon oxide film 
(302) on the surface of said elemental substrate 
(201); 

forming a polycrystal Si layer (304) on the por- 
tion covered by said silicon oxide film (302), at 
the same time, forming a monocrystal Si layer 
(203) on the portion having the surface of said 
elemental substrate (201) 
exposed by developing Si epitaxially in a de- 
sired thickness all over the surface of said ele- 
mental substrate (201) including the portion 



covered by said silicon oxide film; 
forming an SiN film (205) all over the surface of 
said monocrystal Si layer (203) and said poly- 
crystal Si layer (304) in a desired thickness; 
forming the ink discharge port (206) on said SiN 
film (205) on said polycrystal Si layer (304); 
removing the portion covered with said silicon 
oxide film (302) formed on the surface of said 
elemental substrate (201) by forming a through 
hole becoming the supply opening (207) from 
the reverse side of said elemental substrate 
(201); and 

forming the ink flow paths (204) by removing 
only said polycrystal Si layer (304). 

A method for manufacturing an ink jet recording 
head provided with an ink discharge port (506) for 
discharging ink, an inkflow path (504) communicat- 
ed with the ink discharge port for supplying liquid to 
the ink discharge port, a heat generating element 
(502) arranged in the ink flow path for creating bub- 
bles in liquid, and a supply opening (507) for sup- 
plying liquid to the ink flow path, comprising the 
steps of: 

forming a silicon oxide film (602) on the surface 
of an elemental substrate (501 ) having Si as the 
base thereof with at least the heat generating 
element (502) formed on the surface thereof; 
forming on a side portion of the surface of said 
elemental substrate (501) a portion covered 
with the silicon oxide film (602) and exposing 
the surface of said elemental substrate (501) 
other than said side portion by selectively re- 
moving said silicon oxide film (602) on the sur- 
face of said elemental substrate (501), 
forming a polycrystal Si layer (604) on the por- 
tion covered by said silicon oxide film (602), at 
the same time, forming a monocrystal Si layer 
(503) on the portion having the surface of said 
elemental substrate (501 ) exposed by develop- 
ing Si epitaxially in a desired thickness all over 
the surface of said elemental substrate (501) 
including the portion covered by said silicon ox- 
ide film; 

forming an SiN film (505) all over the surface of 
said monocrystal Si layer (503) and said poly- 
crystal Si layer (604) in a desired thickness; 
forming the ink discharge port (506) on said SiN 
film (505) on said polycrystal Si layer (604); 
removing the portion covered with said silicon 
oxide film (602) formed on said side portion of 
said elemental substrate (501); and 
forming the ink flow path (504) and the supply 
openings (507) by removing only said polycrys- 
tal Si layer (604). 
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Patentanspruche 

1. Verfahren zum Herstellen eines Tintenstrahl-Auf- 
zeichnungskopfs, der ausgestattet ist mit einer Tin- 
tenaustragoffnung (206) zum Austragen von Tinte, s 
einem Tintenstromungsweg (204), der mit der Tin- 
tenaustragoffnung verbunden ist, urn dieser Tinte 
zuzufuhren, einem Warmeerzeugungselement 
(202), welches in dem Tintenstromungsweg ange- 
ordnet ist, um in in dem Tintenstromungsweg ver- 10 
teilter Flussigkeit Blasen zu erzeugen, und einer 
Zufuhroffnung (207), zum Zufuhren von Flussigkeit 

zu dem Tintenstromungsweg, umfassend folgende 
Schritte: 

15 

Ausbilden einer Siliciumoxidschicht (302) auf 
der Oberflache eines elementaren Substrats 
(201) auf Si-Basis, wobei auf der Oberflache 
des Substrats mindestens das Warmeerzeu- 
gungselement (202) ausgebildet ist; 20 
Ausbilden eines mit der Siliciumoxidschicht 
(302) bedeckten Bereichs auf der Oberflache 
des elementaren Substrats (201), und eines 
Bereichs, in welchem die Oberflache des ele- 
mentaren Substrats (201) freiliegt, indem se- 25 
lektiv die Siliciumoxidschicht (302) auf der 
Oberflache des elementaren Substrats (201) 
entfernt wird; 

Ausbilden einer polykristallinen Si-Schicht 
(304) auf dem von der Siliciumoxidschicht 30 
(302) bedeckten Bereich, wan rend gleichzeitig 
eine monokristalline Si-Schicht (203) in dem 
Bereich ausgebildet wird, in welchem die Ober- 
flache des elementaren Substrats (201) frei- 
liegt, indem durch epitaktisches Wachstum Si 35 
in einer gewiinschten Dicke auf der gesamten 
Oberflache des elementaren Substrats (201) 
einschlieBlich des von der Siliciumoxidschicht 
bedeckten Bereichs entwickelt wird; 
Ausbilden einer SiN-Schicht (205) auf der ge- 40 
samten Oberflache der monokristallinen Si- 
Schicht (203) und der polykristallinen Si- 
Schicht (304) in einer gewunschten Dicke: 
Ausbilden der Tintenaustragoffnung (206) an 
der SiN-Schicht (205) auf der polykristallinen 45 
Si-Schicht (304); 

Entfernen des mit der Siliciumoxidschicht (302) 
bedeckten Bereichs auf der Oberflache des 
elementaren Substrats (201) durch Bilden ei- 
nes Durchgangslochs, welches die Zufuhroff- so 
nung (207) wird, ausgehend von der Ruckseite 
des elementaren Substrats (201); und 
Ausbilden der Tintenstromungswege (204) 
durch Entfernen lediglich der polykristallinen 
Si-Schicht (304). 55 

2. Verfahren zum Herstellen eines Tintenstrahl-Auf- 
zeichnungskopfs, der ausgestattet ist mit einer Tin- 
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tenaustragoffnung (506) zum Austragen von Tinte, 
ferner mit einem Tintenstromungsweg (504), der 
mit derTintenaustragoffnung verbunden ist, um die- 
ser Flussigkeit zuzufuhren, einem Warmeerzeu- 
gungselement (502), das in dem Tintenstromungs- 
weg zur Erzeugung von Blasen in der Flussigkeit 
angeordnet ist, und einer Zufuhroffnung (507) zum 
Zufuhren von Flussigkeit zu dem Tintenstromungs- 
weg, umfassend folgende Schritte: 

Ausbilden einer Siliciumoxidschicht (602) auf 
der Oberflache eines elementaren Substrats 
(501) auf Si-Basis, wobei auf der Oberflache 
des Substrats mindestens das Warmeerzeu- 
gungselement (502) ausgebildet ist: 
Ausbilden eines mit der Siliciumoxidschicht 
(602) bedeckten Bereichs an einem Seitenbe- 
reich der Oberflache des elementaren Sub- 
strats (501) und 

Freilegen der Oberflache des elementaren 
Substrats (501) auRer dem Seitenbereich 
durch selektives Entfernen der Siliciumoxid- 
schicht (602) von der Oberflache des elemen- 
taren Substrats (501), 

Ausbilden einer polykristallinen Si-Schicht 
(604) auf dem von der Siliciumoxidschicht 
(602) bedeckten Bereich unter gleichzeitiger 
Ausbildung einer monokristallinen Si-Schicht 
(503), in dem Bereich, in welchem die Oberfla- 
che des elementaren Substrats (501) freiliegt, 
durch epitaktische Si-Entwicklung der gesam- 
ten Oberflache des elementaren Substrats 
(501) einschlieBlich des von der Siliciumoxid- 
schicht bedeckten Bereichs zu einer ge- 
wiinschten Dicke; 

Ausbilden einer SiN-Schicht (505) auf der ge- 
samten Oberflache der monokristallinen Si- 
Schicht (503) und der polykristallinen Si- 
Schicht (604) in einer gewunschten Dicke; 
Ausbilden der Tintenaustragoffnung (506) auf 
dem SiN-Film (505) auf der polykristallinen Si- 
Schicht (604); 

Entfernen des von der Siliciumoxidschicht 
(602) an dem Seitenbereich des elementaren 
Substrats (501) bedeckten Bereichs; und 
Ausbilden des Tintenstromungswegs (504) und 
der Zufuhroffnungen (507) durch Entfernen le- 
diglich der polykristallinen Si-Schicht (604). 



Revendications 

1 . Precede pour la fabrication d'une tete d'enregistre- 
ment a jet d'encre pourvue d'un orifice (206) de de- 
charge d'encre destine a decharger de I'encre, d'un 
trajet (204) d'ecoulement d'encre communiquant 
avec I'orif ice de decharge d'encre pour alimenter en 
encre I'orifice de decharge d'encre, d'un element 
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(202) de generation de chaleur agence dans le tra- 
jet d'ecoulement d'encre pour engendrer des bulles 
dans un liquide distribue dans letrajet d'ecoulement 
d'encre, et d'une ouverture (207) d'alimentation 
pour alimenter en liquide le trajet d'ecoulement 5 
d'encre, comprenant les etapes qui consistent : 

a former un film (302) ,d'oxyde de silicium sur 
la surface d'un substrat (201) pour elements 
ayant du Si en tant que base, sur la surface du- 10 
quel au moins ledit element (202) de generation 
de chaleur est forme ; 

a former, sur la surface dudit substrat (201) 
pour elements, une partie recouverte par le film 
(302) d'oxyde de silicium, et une partie ayant la is 
surface dudit substrat (201) pour elements mi- 
se a decouvert par I'enlevement selectif dudit 
film (302) d'oxyde de silicium sur la surface du- 
dit substrat (301) pour elements ; 
a former une couche (304) de Si polycristallin 20 
sur la partie recouverte par ledit film (302) 
d'oxyde de silicium, a former en meme temps 
une couche (203) de Si monocristallin sur la 
partie ayant la surface dudit substrat (201 ) pour 
elements mise a decouvert en developpant de 25 
fagon epitaxiale du Si a une epaisseur souhai- 
tee sur toute la surface dudit substrat (201) 
pour elements, y compris la partie recouverte 
par ledit film d'oxyde de silicium ; 
a former un film (205) de SiN sur toute la sur- 30 
face de ladite couche (203) de Si monocristallin 
et de ladite couche (304) de Si polycristallin, a 
une epaisseur souhaitee ; 
a former I'orifice (206) de decharge d'encre sur 
ledit film (205) de SiN sur ladite couche (304) 35 
de Si polycristallin ; 

a enlever la partie recouverte par ledit film (302) 
d'oxyde de silicium forme sur la surface dudit 
substrat (201) pour elements en formant un 
trou traversant devenant I'ouverture (207) d'ali- 40 
mentation a partir du cote oppose dudit substrat 
(201) pour elements ; et 
a former les trajets (204) d'ecoulement d'encre 
en n'enlevant que ladite couche (304) de Si po- 
lycristallin. 45 

2. Precede pour la fabrication d'une tete d'enregistre- 
ment a jet d'encre pourvue d'un orifice (506) de de- 
charge d'encre destine a decharger de I'encre, d'un 
trajet (504) d'ecoulement d'encre communiquant so 
avec ledit orfifice de decharge d'encre pour alimen- 
ter en liquide I'orifice de decharge d'encre, d'un ele- 
ment (502) de generation de chaleur agence dans 
le trajet d'ecoulement d'encre pour engendrer des 
bulles dans un liquide, et d'une ouverture (507) 55 
d'alimentation pour alimenter en liquide le trajet 
d'ecoulement d'encre, comprenant les etapes qui 
consistent : 



a former un film (602) d'oxyde de silicium sur la 
surface d'un substrat (501) pour elements 
ayant du Si en tant que base, sur la surface du- 
quel au moins I'element (502) de generation de 
chaleur est forme ; 

a former, sur une partie laterale de la surface 
dudit substrat (501) pour elements, une partie 
recouverte par le film (602) d'oxyde de silicium 
et a mettre a decouvert la surface dudit substrat 
(501 ) pour elements autres que ladite partie la- 
terale en enlevantselectivement ledit film (602) 
d'oxyde de silicium sur la surface dudit substrat 
(501) pour elements, 

a former une couche (604) de Si polycristallin 
sur la partie recouverte par ledit film (602) 
d'oxyde de silicium, a former en meme temps 
une couche (503) de Si monocristallin sur la 
partie ayant la surface dudit substrat (501 ) pour 
elements mise a decouvert en developpant de 
fagon epitaxiale du Si a une epaisseur souhai- 
tee sur toute la surface dudit substrat (501) 
pour elements, y compris la partie recouverte 
par ledit film d'oxyde de silicium ; 
a former a une epaisseur souhaitee un film 
(505) de SiN sur toute la surface de ladite cou- 
che (503) de Si monocristallin et de ladite cou- 
che (604) de Si polycristallin ; 
a former I'orifice (506) de decharge d'encre sur 
ledit film (505) de SiN sur ladite couche (604) 
de Si polycristallin ; 

a enlever la partie recouverte par leditfilm (602) 
d'oxyde de silicium forme sur ladite partie late- 
rale dudit substrat (501) pour elements ; et 
a former le trajet (504) d'ecoulement d'encre et 
les ouvertures (507) d'alimentation en n'enle- 
vant que ladite couche (604) de Si polycristal- 
lin. 
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